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The chromophobe renal ceU carcinoma is a dis-
tinct type of renal cancer presumably derived
from the intercalated ceU of the coUecting duct
system and exhibiting a better prognosis than
other types of renal ceU carcinoma. Chromo-
phobe carcinomas can be separatedfrom other
types ofrenal cell carcinoma by their character-
istic cytomorphology, ultrastructural appear-
ance, cytoskeletal architecture, and cytogenetic
aberrations. As no permanent ceU line of the
chromopbobe tumor type has previously been
described, we are the first to report on the
successful establishment and characterization
of two divergent permanent ceU lines, ie,
chrompho-A and chrompho-B, derivedfrom the
same chromophobe renal ceU carcinoma. With
immunocytochemistry, two-dimensional gel elec-
trophoresis, and Western blot, chrompho-A and
chrompho-B exclusively exhibited cytokeratins
(Nos. 7, 8, 18, and 19) but not vimentinL Ultra-
structural studies revealed numerous cytoplas-
mic microvesicles as weU as coated vesicles that
are known to be characteristic features of the
intercalated celL Chrompho-B ceUs exhibited a
shorter mean population doubling time (tD = 43
hours) than chrompho-A ceUs (tD = 51 hours).
Both ceU lines failed to produce tumors in nude
mice with the subrenal capsule assay. Cytoge-
netic analyses revealed hyperdiploid chromo-
some numbers in both ceUl lines with telomeric

associations as well as numeric aberrations
knownfrom chromophobe renal ceU carcinomas
in vivo (AmiJPathol 1995, 146:953-962)

The chromophobe carcinoma is a distinct type of
renal cancer first described in humans by Thoenes
et al.1 The chromophobe carcinoma resembles the
clear cell carcinoma, likewise showing tumor cells
with a highly transparent cytoplasm. In contrast to
the clear cell type of renal carcinoma, however,
chromophobe tumor cells exhibit a fine reticular (not
empty) cytoplasm. The cytomorphological separa-
tion between clear and chromophobe renal cell car-
cinomas was further substantiated by differences
of ultrastructural appearance, cytoskeletal archi-
tecture, enzyme synthesis, and cytogenetic
aberrations.2-10 Furthermore, convincing arguments
have been accumulated in the meantime suggest-
ing that the clear cell carcinoma originates from the
proximal tubular system whereas the chromophobe
tumor cells closely resemble the intercalated cells
of the cortical collecting duct system.511 14 The dif-
ference in histogenetic derivation of chromophobe
and clear renal cell carcinomas is also reflected by
differences in the biological behavior of these tumor
types, with the clear cell carcinoma exhibiting a
worse prognosis.15 Although quite a number of re-
nal carcinoma cell lines have been established dur-
ing recent years,1619 no cell line derived from a
chromophobe renal cell carcinoma has been estab-
lished so far. Therefore, we are the first to report on
the establishment and characterization of two diver-
gent cell lines derived from a human chromophobe
renal cell carcinoma.
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Materials and Methods
Cell Culture

During the last 4 years, 14 different chromophobe re-

nal cell carcinomas have been available for cultiva-
tion in vitro. Tumor samples were obtained immedi-
ately after nephrectomy and minced under aseptic
conditions with paired scissors. The resulting me-

chanically macerated tissue mass was repeatedly
washed by centrifugation and finally seeded into 25-
cm2 Nunclon culture flasks (GIBCO, Karlsruhe, Ger-
many) with Dulbecco's modified Eagle's medium
(GIBCO) supplemented with 10% fetal calf serum,

penicillin, and streptomycin. The cultures were main-
tained at 37 C in an atmosphere with 5% C02. For
subculturing, cells were disaggregated by exposure
to 0.05% EDTA (Biochrom, Berlin, Germany). Of 14
chromophobe renal cell carcinomas 13 could be es-

tablished only as short-term cultures for passage
numbers ranging from 2 to 18 and different time pe-

riods ranging from 4 weeks to 8 months. Only 1 of the
14 different chromophobe renal cell carcinomas gave

rise to two divergent permanent cell lines, named
chrompho-A and chrompho-B. These cell lines were
derived from the chromophobe carcinoma of an 83-
year-old female patient (tumor stage according to the
Union Internationale Contre le Cancer, pT3a pNX
pMX). The two cell lines are presently at the 54th
(chrompho-A) and 67th (chrompho-B) passage after
24 months in permanent culture. Most of our studies
were performed with cells from passages 20 to 30,
describing the two cell lines at an early in vitro stage.
Nevertheless, the cytomorphological features of
these cell lines proved to be remarkably stable up to
the present passages.

Light Microscopy

Tumor tissue of the original tumor was fixed in 4%
formaldehyde and embedded in paraplast. The tu-

mor cells cultivated in vitro were seeded on micro-
scope slides and fixed in situ by immersion into 4%
formaldehyde. The slides were stained with hema-
toxylin and eosin (H&E) and periodic acid schiff he-
malum. Lipid staining with Sudan IV was performed
on cryostat sections of the formalin-fixed original
tumor.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue samples of
the original tumor had to be used for immunohisto-
chemistry of intermediate filaments. After microwave
oven pretreatment of the deparaffinized sections and
mild trypsinization (0.001% trypsin), the paraffin sec-

tions were stained for simple epithelial cytokeratins
and vimentin (for primary antibodies, see Table 1) by
the avidin-biotin complex peroxidase method (for de-
tails see Ref. 20). The cultivated tumor cells were

seeded on microscope slides, fixed in situ by expo-

sure to methanol (5 minutes) and acetone (10 sec-

onds) at -20 C, and then air dried and stored at -20
C. Before staining, an additional acetone fixation (5
minutes at -20 C) was performed followed by air dry-
ing. Primary antibodies (Table 1) were applied to the
slides and allowed to incubate for 30 minutes at room
temperature in a moist chamber. The visualization of
the primary antibodies was achieved by the indirect
immunoperoxidase method.4

Gel Electrophoresis and Western Blotting

Cytoskeletal residues of the cell lines, obtained by
extraction with a high salt detergent buffer and a low
salt buffer21 were analyzed by two-dimensional gel
electrophoresis with nonequilibrium pH gradient
electrophoresis in the first dimension, and sodium do-
decyl sulfate polyacrylamide gel electrophoresis in
the second dimension. Gels were stained by either

Table 1. List ofAntibodies Used

Antibody Specificity Source

Paraffin sections of the original tumor
Mab Ks 7.18 Cytokeratin 7 Progen Biotechnics, Heidelberg, Germany
Mab CAM 5.2 Cytokeratin 8 Becton Dickinson, Neckargemund, Germany
Mab K, 19.1 Cytokeratin 19 Progen Biotechnics
Mab IT-KS 20.8, Cytokeratin 20 Progen Biotechnics

IT-KS 20.6
Mab VIM-3B4 Vimentin Progen Biotechnics

Cell cultures and Western blotting
Mab CK-7 Cytokeratin 7 Boehringer, Mannheim, Germany
Mab Ks 18.174 Cytokeratin 18 Progen Biotechnics
Mab Ks 19.2.Z105 Cytokeratin 19 Progen Biotechnics
Mab IT-Ks 20.5 Cytokeratin 20 Progen Biotechnics
Mab VIM-9 Vimentin Viramed, Martinsried, Germany

Mab, mouse monoclonal antibody.
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Coomassie brilliant blue or a highly sensitive silver
staining method.21 Western blotting was performed
according to standard procedures (for details see
Ref. 21). For primary antibodies see Table 1). Bound
antibodies were detected by using peroxidase-
conjugated rabbit antibodies against mouse immu-
noglobulins (Dako Corp., Carpenterio, CA). The stain-
ing reaction was performed by using 3,3'-
diaminobenzidine, H202, and NiSO4.

Scanning Electron Microscopy

For scanning electron microscopy, tumor cells
seeded on glass cover slips were fixed by exposure
to 2.5% phosphate-buffered glutaraldehyde solution
(pH 7.2) and postfixed in 2% osmium tetroxide solu-
tion. After dehydration in an ascending acetone se-
ries, the tumor cell monolayer was dried by the critical
point method and sputtered with gold. Electron pho-
tomicrographs were taken with a PSEM 510 scanning
electron microscope.

Transmission Electron Microscopy

For transmission electron microscopy, tumor cells
seeded on glass cover slips were fixed in situ by ex-
posure to 2.5% sodium cacodylate-buffered glutar-
aldehyde solution (0.1 mol/L, pH 7.4) and postfixed in
1% sodium cacodylate-buffered osmium tetroxide so-
lution (0.1 mol/L, pH 7.4) before Epon embedding in
situ. Thin sections were contrasted with uranyl ac-
etate and lead citrate. Electron photomicrographs
were taken with an EM 410 Philips transmission elec-
tron microscope.

Growth Properties In Vitro

Doubling Time

Altogether, 24 replicate 25-cm2 culture flasks re-
ceived inocula of 2 x 105 cells each. Cells from 4
culture flasks were harvested separately on days 3, 4,
5, 7, 9, and 11 after inoculation. Cell counts were per-
formed with the Neubauer hemocytometer. The re-
sults were plotted on semi-logarithmic paper and the
mean population doubling time was determined dur-
ing the exponential growth phase.

Saturation Density

The maximal number of tumor cells present in 25-
cm2 culture flasks was determined during the plateau
phase of growth.

Plating Efficiency

Tumor cells were seeded into 96-microwell plates
(GIBCO) at definite concentrations (ranging from 1 to
100 cells per microwell) and incubated in a humidified
atmosphere of 5% CO2 for 4 weeks. The plating ef-
ficiency was determined as the number of microwells
with visible colonies relative to the number of micro-
wells inoculated with tumor cells.

Tumorigenicity in Nude Mice

For tumorigenicity testing, tumor cells were implanted
under the renal capsule of four nude mice per cell line,
according to a procedure previously described by
Fingert et al.23 Briefly, 8 x 106 tumor cells were
washed in phosphate-buffered saline by repeated
centrifugation. The cell pellet obtained was sus-
pended in 10 p1 of phosphate-buffered saline supple-
mented with fibrinogen (20 mg/ml). After careful re-
suspension, 5 p1 of thrombin dissolved in minimal
essential medium (20 U/ml) were added. The clot
forming after incubation at 37 C for 10 minutes was
cut in four pieces, and each piece was inserted under
the renal capsule of a 6-week-old female nude
mouse. After 4 months, the animals were sacrificed
and histological examination of kidneys and lungs
was performed.

Flow Cytometric DNA Measurement

Exponentially growing tumor cells of passages 14
and 40 were harvested and resuspended in dimeth-
ylsulfoxide citrate buffer for storage in liquid nitro-
gen.24 For DNA analysis, the tumor cells were thawed
and further processed according to a method de-
scribed by Vindelov et al.25 Briefly, the tumor cells
were treated with trypsin (20 pg/ml) for 10 minutes
and RNAse A (40 pg/mI) for 10 min. The cell nuclei
obtained were stained with propidium iodide (120 pg/
ml), and 1.5 x 104 nuclei were analyzed by using a
flow cytophotometer (FACScan, Becton Dickinson,
Heidelberg, Germany). Chicken red blood cells were
used in additional measurements as an internal cali-
bration standard for DNA ploidy, the DNA contents of
chicken red blood cells being 38% of the human dip-
loid value.25 The ploidy level of the tumor cells was
expressed as DNA index, the DNA index of diploid
human cells being 1.0.

Chromosome Analysis

Chromosome preparations were obtained by using
standard hypotonic pretreatment procedures at early
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passages (20 to 22). G-banding was performed by
applying the technique of Seabright.26 A total of 30
G-banded metaphases per cell line were analyzed,
and 11 metaphases were karyotyped from each cell
line. Description of karyotypes was done according to
the International System for Human Cytogenetics No-
menclature.27

Results

Original Tumor

The original tumor was a typical representative of the
chromophobe type of renal cell carcinoma as previ-
ously described.' 2 In H&E-stained sections, the vo-
luminous tumor cells showed a translucent but finely
reticular cytoplasma (Figure 1 a). The cell boundaries
were markedly pronounced so that the tumor cells
were clearly demarcated from one another. Periodic
acid Schiff and lipid staining revealed no appreciable
amounts of glycogen and lipid. In contrast, the Hale
staining for acid mucopolysaccharides showed an in-

Figure 1. Cytomo?phological and immunohistochemical aspects of
the original chromophobe renal cell carcinoma. Voluminous tumor
cells show a translucent butfinelv reticuilar cytoplasm andprominent
cell boundaries (a). There was no staining reaction of the tumor cells
for vimentin (b) and a positive staining reaction ofsome tumor cells
for cytokeratin 7 (c) and of most tumor cells for cytokeratin 8 (d).
Bars= 50,u.

tense diffuse reaction of the cytoplasm. The nuclei
were moderately enlarged corresponding to a G2
grade of malignancy. Immunohistochemically, no ex-
pression of vimentin (Figure 1 b) could be demon-
strated, whereas a positive staining reaction with an-
tibodies against cytokeratins 7 (Figure lc) and 8
(Figure ld) was observed. Cytokeratin 7 was re-
stricted to scattered tumor cell groups, preferentially
facing the stroma or accumulations of debris,
whereas cytokeratin 8 was present in all tumor cells.
Cytokeratin 19 could be detected immunohisto-
chemically in tiny groups of tumor cells, the distribu-
tion pattern corresponding to that of cytokeratin 7 (not
shown). Cytokeratin 20 was not observed in the tumor
cells.

Cell Lines

Two divergent cell lines, ie, chrompho-A and
chrompho-B, could be derived from the same original
tumor. As shown by scanning electron microscopy
(Figure 2a, f), both cell lines grow strictly anchorage
dependent as monolayers. Periodic acid Schiff stain-
ing revealed no appreciable deposits of glycogen
and Hale staining for acid mucopolysaccharides pro-
duced a diffuse but sometimes also finely granular
staining of the cytoplasma (not shown).

Immunocytochemically, the tumor cells of
chrompho-A and chrompho-B did not show a staining
reaction with antibodies against vimentin (Figure 2b,
g). Antibodies against cytokeratins 7 (Figure 2c, h),
18 (Figure 2d, i), and 19 (Figure 2e, j) produced a
positive staining reaction in both cell lines with
marked differences in the proportion of reacting cells
(Table 2).

Two-dimensional gel electrophoresis (Figure 3a, b)
revealed that the primary simple epithelial cytokera-
tins 8 and 18 were clearly predominant in both cell
lines. In addition, small but significant amounts of cy-
tokeratin 7 were apparent in the gels as small protein
spots. A specific positive reaction in Western blotting
(Figure 3c, d) with the cytokeratin 7 antibody proved
that the minor spots in fact represented cytokeratin 7.
Only very faint cytokeratin 19 spots were noted in the
gels, which are not visible in the photographic repro-
ductions. No reaction was obtained in Western blot-
ting experiments with the vimentin antibody (not
shown).

By transmission electron microscopy, no major dif-
ferences became evident between both cell lines.
The tumor cells of both cell lines were loosely ap-
posed, showing extended cytoplasmatic protrusions
(Figure 4a). A prominent ultrastructural feature of both
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Figure 2. Cytomorphological and immunohistochemical aspects of chrompho-A (a to e) and chrompho-B (f to j). Scanning electron microscopic
aspect ofchrompho-A (a) and chrompho-B (f) showing loosely apposed tumor cells with abundant cytoplasmic microspikes. There uwas no staining
reaction for vimentin in chrompho-A (b) and chrompho-B (g) and a positive staining reaction for cytokeratins 7 (c and h), 18 (d and i), and 19
(e andj) in chrompho-A (c, d, and e) and chrompho-B (h, i, andj). Bars = 25 1.

Table 2. Percentage of Positive Tumor Cellsfor Vimentin
and Cytokeratin Polypeptides

Cytokeratin
Vimentin 7 18 19 20

Chrompho-A 0% 50% 100% 40% 0%
Chrompho-B 0% 10% 100% 10% 0%

chrompho-A and chrompho-B cells were cytoplasmic
microvesicles (diameter, 100 to 300 nm) that were

predominantly located near the apical surface as re-

vealed by tangential (Figure 4b) and vertical (Figure
4c) sections. The microvesicles near the apical sur-

face were often continuous with the extracellular
space, whereas microvesicles deeper in the cyto-
plasm proved to be closed structures. Furthermore,

both chrompho-A and chrompho-B cells exhibited
coated vesicles located deep in the cytoplasm (Fig-
ure 4d) as well as near the cell surface (Figure 4e),
suggesting a process of membrane fusion or endo-
cytosis. Another type of microvesicle frequently ob-
served in chrompho-A and chrompho-B cells is char-
acterized by the concentric grouping of small
vesicles around a central vesicle (Figure 4f), the latter
sometimes being continuous with the extracellular
space.

The in vitro growth properties of chrompho-A and
chrompho-B cells are shown in Figure 5. Chrompho-B
cells exhibited a shorter mean population doubling
time (tD = 43 hours) and a higher saturation density
(4.1 x 104 + 0.4 x 104 cells/cm2) than chrompho-A
cells (tD = 51 hours and 2.8 x 104 + 0.4 x 104 cells/

.f:,:ff:a:U
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Figure 3. Biochemical analysis of cytokeratin polypeptides in
chrompbo-A (a) and chrompho-B (b to d). Two-dimensional gel elec-
trophoresis (Coomassie blue staining) of cytoskeletal preparations ob-
tained from chrompho-A (a) and chrompho-B (b) cells by nonequi-
librium plt gradient (NEPHG) electrophoresis in the first dimension
and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS)
in the second dimension. Cytokeratin polypeptides are denoted by
numbers. Note the presence ofsmall but significant amounts ofcytok-
eratin 7 in both cell lines, next to the main cytokeratins 8 and 18.
Western blot (c) derivedfrom a two-dimensional gel corresponding to
that shown in (b), with antibody CK-7 against cytokeratin 7 com-

pared with the subsequent India ink staining of the same nitrocellu-
lose membrane (d) provides proof that the spot designated CK- 7 truly
represents this particular cytokeratin polypeptide. In addition, the an-
tibody CK- 7 also recognizes a degradation product derived therefrom
(arrowhead in C). P, 3-phosphoglycerokinase from yeast, added as

marker protein; A, endogenous actin.

cm2). The plating efficiency of both cell lines was

rather low, requiring a minimum inoculum of 100 cells
per microwell (Table 3).

Unfortunately, both cell lines failed to produce tu-
mors in nude mice after an observation period of up
to 4 months by the subrenal capsule assay. The cy-

tophotometrically determined DNA distribution re-

vealed DNA aneuploidy in both cell lines (Figure 6).
Each cell line exhibited two DNA stem lines, the DNA
index being 1.35 and 2.7 for chrompho-A tumor cells
and 1.3 and 2.6 for chrompho-B tumor cells. As sug-
gested by the ratio between the DNA indices, the co-

existence of two DNA stem lines in each cell line is
probably explained by a process of endomitosis. The
DNA indices proved to be stable when tumor cells of
passages 14 and 40 were analyzed. Due to the co-

existence of two DNA stem lines, cell cycle analysis
could not be performed.

Cytogenetic analyses revealed hyperdiploid chro-
mosome numbers in chrompho-A and chrompho-B
(Table 4 and Figure 7). Both cell lines showed chro-
mosomal diploidy for the chromosomes 1, 2,6, 13, 17,
18, 21, and 22. Numerical chromosomal aberrations

involving both cell lines were observed for the chro-
mosomes 4, 5, 7, 8, 9, 11, 12, 15, 16, and 19 resulting
in either trisomy or tetrasomy. Structural chromosomal
abnormalities were seen in both cell lines on the short
arm of two extra chromosomes 8 as well as in the form
of two extra derivative chromosomes 12. Further-
more, telomeric associations (Fig. 7c) were observed
in 9 of 30 chrompho-A and in 5 of 30 chrompho-B
metaphases analyzed. Chrompho-B consistently
showed additional structural abnormalities that per-
mitted a clear cytogenetic separation from
chrompho-A, ie, a terminal deletion of lq, a triploidy
of 3p in combination with a loss of 3q, and in three
metaphases a translocation of the long arms of chro-
mosomes 7 and 13. Furthermore, two small marker
chromosomes were observed in chrompho-B differ-
ing from the single marker chromosome in
chrompho-A.

Discussion
The results of our investigation clearly demonstrate
that the essential cytoskeletal, ultrastructural, and cy-
togenetic features of the chromophobe tumor cell are
preserved in permanent cell lines even after pro-
longed cultivation.

In contrast to the clear and chromophilic types of
renal cell carcinoma, which nearly consistently coex-
press vimentin and cytokeratins, the chromophobe
renal cell carcinoma exhibits exclusively cytokeratins
(7, 8, 18, and 19) but not vimentin.34628 We have
previously shown that cell lines derived from clear cell
carcinomas maintain the typical intermediate filament
phenotype of the original tumors, ie the coexpression
of simple epithelial cytokeratins and vimentin.2930
Here we present evidence that an analogous con-
servatism holds true for permanent cell lines derived
from chromophobe carcinoma. In fact, the complete
absence of vimentin in chrompho-A and chrompho-B
is a noteworthy finding, as a coexpression of vimentin
together with cytokeratins is a feature of many epi-
thelial cell lines derived from various types of carci-
nomas showing no vimentin expression in the original
tumor.31 Concerning the individual cytokeratin
polypeptides, chromophobe carcinomas frequently
exhibit a quantitative predominance of cytokeratin 7
over cytokeratin 19, much in contrast to clear cell and
chromophilic renal carcinomas.34 This observation
was also apparent in the present cell lines, particu-
larly in gel electrophoresis. Therefore, the intermedi-
ate filament profile of chrompho-A and chrompho-B
further underlines the high conservatism of the chro-
mophobe cell phenotype after prolonged in vitro cul-
ture.
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7.t.' 4.'
Figure 4. lJltrastructural aspects ofchrompho-A and chrompho-B. Looselv apposed tumor cells shou' cytoplasnmic microspikes (a) and abundant cy-
toplasmic microvesicles (b and C) concentrated near the apical surface as revealed by tangential (b) and vertical (c) sectioning. Coated vesicles are
seen deep in the cytoplasma (d) and near the cell surface (e). Note the close relation ofcoated vesicles to the plasmalemma (e, *) and the circum-
scribed thickening of the plasmalemma (e, arrows), suggesting a process of membranefusion or endocytosis. Concentric grouping of microvesicles
around a central vesicle (f ) is shown. a, bar = 20 ,u; b to f, bars = 0.5 ,u.

Table 3. Plating Efficiency of Chrompho-A and
Chrompho-B

Number of cells Plating efficiency after
seeded per microwell 14 days 28 days

Chrompho-A
1 0% 0%

10 0% 0%
100 3% 6%

Chrompho-B
1 0% 0%

10 0% 0%
100 7% 8%

time (days)
Figure 5. Grouwth curves of chromnpho-A and chrompho-B. Each
value represents the mean standard deviation offour experiments.

Microvesicles are a characteristic ultrastructural
feature of the chromophobe tumor cell in ViVO1,2,4 and
are also known from the intercalated cell, which has

been observed in the collecting duct system of rat
and human kidneys.5'32-36 Therefore, it has been pro-
posed that the chromophobe carcinoma might origi-
nate from the intercalated cell.5 The close resem-
blance between chromophobe tumor cells and the
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Figure 6. Flow cytometric DNA histogram of chrompho-A (a) and
chrompho-B (b).

intercalated cell of the collecting duct system was

further confirmed by our in vitro observations, dem-
onstrating abundant cytoplasmic microvesicles in
both chrompho-A and chrompho-B cells. Most impor-
tantly, however, both cell lines exhibited clathrin-like
coated vesicles located deep in the cytoplasm as well
as near the cell surface. These coated vesicles had
not previously been observed in chromophobe renal
cell carcinomas in vivo.5 As coated vesicles are a

characteristic feature of the intercalated cell
type,5 33'36 the observation of this type of vesicle in
our cell lines further supports the relation between the
chromophobe tumor cell and the intercalated cell.
Coated vesicles are supposed to contain a major pro-

Figure 7. Chromosome analysis. Representative karyotype of a

chrompho-A (A) and chrompho-B (B) tumor cell and examples of te-
lomeric associations (C) observed in chrompho-A and chrompbo-B
are shown.

tein component of the ATP-driven proton pump H+-
ATPase37 and have been shown to fuse with the lu-
minal plasmalemma of intercalated cells.32'33 On the
other hand, the retrieval of water channels from the

Table 4. Description ofKaryotypes in Accordance with ISCN (1991)

Cell line Description of karyotype

Chrompho-A 58-65,XX,+3,+4,+5,+7,+7,+2xder(8)t(8;?)(q;?),+9,+9,+ 11,+11,+2xder(12)
(12 pter--q13::10q23---qter),+115,+15,+16,+16,+19,+20,+20,+mar

Chrompho-B 55-64,XX,der(1)del(1)(q32),+3p,+4,+4,+5, +7,+2xder(8)t(8;?)(q;?), +9,+9,+ 10,± 11±,+11,
+2xder(12)(12pter- q1 3:: 10q23- qter), +t(7; 13)(q;q),+1 4,+15,+15,+16,+19,+mar,+mar
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apical membrane of intercalated cells has been sug-
gested to be associated with endocytosis via coated
pits.38 Therefore, it was interesting to observe coated
vesicles in close relation to the plasmalemma of
chrompho-A and chrompho-B cells, suggesting a
preserved process of membrane fusion or endocy-
tosis.

Only a few cytogenetic analyses of chromophobe
carcinomas have been reported so far.8-10 From
these publications, telomeric associations, the gain of
chromosomes (3, 5, 7, 8, 12, 16, 18, 19, and 20) as
well as the loss of chromosomes (1, 2, 6, 10, 11, 13,
14, 17, 18, and 21) seem to be the most important
characteristics of chromophobe carcinomas. Corre-
sponding structural and numerical chromosomal ab-
normalities also became evident for our cell lines
chrompho-A and chrompho-B, showing telomeric as-
sociation and a marked gain of chromosomes, es-
pecially the gain of chromosomes 5, 7, 8, 12,16, and
19, which was observed in both cell lines, and had
previously been published for chromophobe
carcinomas.8-10 The marked congruence of numeri-
cal and structural chromosomal abnormalities ob-
served between chrompho-A and chrompho-B un-
derlined the derivation from the same original tumor.
Nevertheless, chrompho-A and chrompho-B can be
considered as two cytogenetically distinct cell lines,
as became evident from structural abnormalities
present in chrompho-B cells but missing in
chrompho-A cells.

In conclusion, the results of our investigation dem-
onstrate that characteristic morphological and cyto-
genetic features of the chromophobe tumor cell are
preserved in the cell lines chrompho-A and
chrompho-B. Therefore, these cell lines will become
valuable tools for additional investigations into the ge-
netic, molecular, and biological properties of the chro-
mophobe type of renal cell carcinoma. Experimental
studies analyzing the effects of biological response
modifiers on the proliferation and invasive behavior of
these cell lines are currently in progress in our labo-
ratory. Additional studies will also have to show
whether the functional properties of the intercalated
cell type have been preserved in our cell lines to the
same extent that was observed for structural char-
acteristics. In that case, our cell lines might also be-
come an appropriate in vitro model for investigations
into the physiology of the intercalated cell type.
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